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SUMMARY

Nitrocellulose, 13.157 nitrogen MIL-N-244A Grade C (Lot number RAD78F0015027)

was detonated in configurations representative of In-plant scaled storage cans, scaled weigh
feeder tub and a simulated section of the Thermal Dehydration Unit. Blast output parameters

were measured and TNT equivalency was computed based on comparison with TNT hemi-
spherical surface bursts. The results of these tests are presented in the table belou and in
figures on the following page. To within experimental error the pressure and impulse of the
nitrocellulose with an L/D ratio greater than one-to-one in charge weights of 11.31, 19.5, 22.7
and 63. 5 kg scaled with the cube root of the charge weight. TNT equivalency was greater
than 100% at the near field values (Z 5 6m/kgl/3) and less than 100% for the far field values
(Z > 6m/kgl/3). TNT equivalency values for the Thermal Dehydration Unit, 45 kg and
with an L/D ratio less than one-to-one, wer/.generally less than 100'% at all scaled dis-
tances with the exception of (Z = 1. 19m/kg ) which was greater than 100% and the far field
value of 7.14 m/kgl/3 where the impulse equivalency was 1052.
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INTRODUCTION

BACKGROUND

A Thermal Dehydration Facility (Project 5752666) for continuous manufacturing of
nitrocellulose (NC) has been installed at a GOCO Plant. Thermal Dehydration equipment
is being installed at another GOCO Plant (Project 5802875) for the CAMBL 1 Line.

At the can pack operation (Project 5752666) the nitrocellulose (5'7) is pumped to the
Thermal Dehydration Unit where it enters as a 95% water slurry. After the conveyor of
the unit has moved the material for 1.83 m (6 ft), 3.93 m (12.9 ft), and approximately
7.62 m (25 ft), its moisture content has been reduced to 30q, 87 and 0.5 to 1' respec-
tively. At this point of the drying process the nitrocellulose material is in cake form
19 mm (0.75 In) thick by 2.44 m (8 ft) wide with a density of 1.6 g/cm3 . The nitro-
cellulose is sprayed with ethyl alcohol (to a maximum of 14T), the cake is broken up,
and conveyed to a weigh feeder where it in weighed into storage containers with a height-
to-diameter ratio 68. 6/55. 9 em (27/22 in).

The NC drying process is the same for Project 5802875 except, as the material leaves
the Thermal Dehydration Unit, It Is conveyed to a gravimetric feeder, and fed into a pre-
mixer and mixed with other materials.

Safety engineering and cost effectiveness considerations require knowledge of hazardous
material characteristics as an input to facility design requirements. In this instance, spe-
cific data is required on the explosive output characteristics of nitrocellulose in quantities

and configurations representative of those found In processing.

OBJECTIVE

To determine the maximum output from the detonation of nitrocellulose in terms of the
airblast overpressure and positive impulse. The measured pressure and impulse data will
be compared with known TNT test data (curves) to determine the equivalency of nitrocellu-
lose in relation to TNT.

1-9



EXPERIMENTAL METHODS

MATERIALS

The test material was dehydrated nitrocellulose 13.15% nitrogen MIl-N-244A Grade C
(Lot number RAD78F0015027). It was received in 208-liter (55-gallon) steel drums approx-
tmately 25q alcohol wet, with a net mass of 107.9 kg (238 ib).

TEST PLAN

Airblast output was evaluated for masses and configuration of nitrocellulose representa-
tihe of four in-plant situations. Physical characteristics of the test items were as follows:

(1) A cylindrical container (figure la) was used to simulate a scaled storage container. The
container was constructed from 16-gage steel with a height of 35.6 cm by 25.4 cm diameter
(I I In by 10 in) and was filled with 11.34 kg (25 lb) of nitrocellulose 147 alcohol wet.

(2) An orthorhombic container (figure lb) was used to simulate a scaled weigh feeder tub.
This container was constructed from 16-gage steel with dimensions of 35.6 cm by 30.5 cm
by 30.5 cm (14 in by 12 in by 12 in). This container was filled with 19. 5 kg (43 lb) of nitro-
cellulose 14i alcohol wet.

(1) A cylindrical container (figure 1c) was used to simulate a scaled storage container. The
container was constructed from 16-gage steel with dimensions of 35.6 cm by 33 cm (14 in
by 13 in). This container was filled with 22.68 kg (50 Ib) of nitrocellulose 14% alcohol wet.

I An orthorhombic fixture (figure id) was used to simulate a section of the Thermal De-
hwhvdation Unit (TDU). The fixture was constructed from plywood with dimensions of 121.9
by 121.9 by 30.5 cm (48 in by 48 in by 12 in). The bottom of the fixture was open and coy-
ured % ith % ire mesh window screen. Nitrocellulose, 53 kg (116 lb) at 147 alcohol wet was
vkighed out and spread evenly to a height of approximately 2. 54 cm (1 in). A lid was placed
atop the fixture and a dry air purge with a dew point of -76. I°C (-105°F) was allowed to run
to" a minimum of 30 minutes to remove the alcohol from the material. The weight of the
materi:l at time of test was 45 kg (99 lb).

i.-) A full-scale shipping drum (figure le) was used to test 63.5-kg (140-1b) quantities to
(Itrmine cube root scaling as a function of charge weight. These tests were in addition
it, those called for In the original test plan. Nitrocellulose 14" , alcohol wet was used in this
test series.

A Composition CI conically shaped booster charge with a ratio of 1.5:2 height to diam-
tter 01d) was centered on top of each test charge. The height to diameter ratio for the
ihermail Dehydration Unit configuration was 1:4. The booster was Initiated with an engi-

neer's special J2 blasting cap inserted at the apex and embedded to the center of the cone.

10
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The test plan called for b,,oster weights varying between 6 and 8% with a maximum

of 10%. An initial test was conducted with 5.44 kg (12 lb) nitrocellulose material

14% alcohol wet and a 0.5 kg (1.2 ib) booster (C4) in a container 20.3 cm (3 in.)

diameter and 30.5 cm (12 in.) high. No mass detonation occurred. ARRADCOM approved

the use of the containers shown in figure 1 and the employment of a 10% booster for

all tests in all configurations.

The test charges in each configuration were placed on a 1010 carbon steel witness plate

1.27 cm (0.5 in) thick with the dimensions being at least 5.08 cm (2 in) greater than the
size of the test container.

INSTRUMENTATION

Twelve PCB Piezotronics side-on-pressure transducers were mounted flush to the
surface in each of two sand-filled arrays within the test area shown in figure 2. Distances
from the charge to the transducer corresponded to scaled distances from 1.19 to 15.87
m/kg 1/3 (3 to 40 ft/lbl/3). The transducers were individually calibrated prior to the be-
ginning of each test series with pressure pulses from a standard solenoid-actuated air pres-
sure calibration fixture, adjusted to correspond to expected blast pressure based on an as-
sumed TNT equivalency of 100 percent. Signal line continuity and channeltzation were
checked prior to each test along with a daily electrical calibration of the recording system.
Details of distances between charge and transducers, calibration pressure and expected
peak blast pressure at each distance are shown in table 1.

Each transducer with inherent charge amplifier was connected to an underground co-
axial cable system which leads to the Test Control Center. All signals are amplified and
conditioned by PCB Model 494A06 Power Supply Amplifier. The signals were recorded in
digital form on 4 Blomation Model 8100 Transient Recorders and in analog form on a Honey-
well Model 96 Tape Recorder.

Photographic coverage was restricted to one test of each configuration (figure 3). Mo-
tion picture coverage included a Mitchell camera Model H516-E4 operating at 500 frames
per second (fps) and one Mitchell camera (same model) operating at 24 fps. Before and
after color still photographs were taken of each test showing typical setup and results.
Standard meteorological data were recorded for each test.

12



TABLE 1. TRANSDUCER CALIBRATION AND PLACEMENT FOR
NITROCELLULOSE EQUIVALENCY TESTING

R distance In meters (it) from charge

Full-scale RIt dfstance In mters (ft) from chare

Soaled calibration gapeoted Charge Charge Charge Charge
ditance pressure pressure weight weight weight weight

Channel m/kg " '  kPa kPt 11.34 kg 22.68 kg 41.87 kg 45kg
number (flAb"') (pug) (pslg) (25 1b) (50 lb) (92.3 lb) (991b)

1.19 1034 917 2.67 3.37 4.13 4.46
2 (3.0) (150) (133) (8.77) (11.05) (13.558) (14.63)

1.8k SY. 1 479.74 3.56 4.49 5.51 5.95
(4.05) (75) (69.58) (11.696) (14.736) (18.077) (19.508)

5. I 2.13 344.7 242.49 4.81 6.06 7.44 8.03
(5.38) (50) (35.17) (15.789) (19.89) (24.4041 (26.336)

3.57 101.4 87.9 8.02 10.11 12.40 13.38
7,8 (9.0) (15) (12.74) (26.32) (33.2) (40.67) (43.89)

7.14 34.5 24.9 18.04 20.21 24.79 26.76
(18.0) (5) (3.8) (52.63) (66.3) (81.347) (87.786)

11 12 15.87 34.5 7.58 35.64 44.92 55.10 59.46
(40.0) (5) (1.1) (117.0) (147.4) (180.77) (195.08)

4 13
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RESULTS

DATA ANALYSIS

Peak blast overpressure and positive impulse information were obtained in digital form
by the Tektronix 4051 Graphic System. After exclusion of inconsistent results that could
be attributed to instrumentation or explosive malfunction, average values for pressure and
impulse were used to calculate equivalencies based on comparison to data from TNT hemi-
spheres (figure 4). McKown2 describes the program written for the Graphic System whic,.
utilizes an iterative process first reported by Swatosh and Cook3 which factors out toe con-
tribution of the booster charge weight and calculates the pressure and impulse equivalen-
cies (see Appendix C). With the effect of the booster weight factored out, the calculated
TNT equivalencies were tabularized and plotted as functions of sample scaled distance.

TEST RESULTS

Data sheets for all tests with pertinent measured parameters are given in Appendix A.
Selected pretest and posttest still photographs are given in Appendix B. Test numbers
shown are for local reference only and provide access to original range data files.

Average pressure, scaled positive impulse, and time of arrival data are summarized
by test configuration in tables 2 through 6 and figures 5 through 9. Composite pressure

and impulse curves for all charg-3 weights and configurations are given in figure 10, and
are summarized in tables 2 through 7 of this report. Percent TNT equivalencies for all
charge weights and configurations are shown in figure 11 as functions of scaled distance.
Deviation from cube-root scaling for pressure at each scaled distance versus charge weight
for nitrocellulose with an L/D ratio is shown in figure 12. Fireball duration and diameter
as measured from the high speed motion pictures are given in table 8.

DISCUSSION

The plots of peak pressure and scaled impulse versus scaled distance (figures 5, 6, and
7) for the L/D ratio of 1:1 or greater show the same general trend. Compared to (figure 4)

corresponding TNT hemispherical surface burst the observed pressures are greater than
100 percent at the near field values (Z_56 m/kg13) and less than 100% for the far
field values (Z>6 m/kgl/3). Impulse versus scaled distance was generally less than
100 percent at all measured distances. The peak pressures for the Thermal Dehydration
Unit simulation tests were less than those found in the tests n h a ninnl L/D ratio 1II.

Peak pressure equivalency was found to be greater than 100% at one near field value
of 1.19 m/kgl/3 and all other pressure equivalencles were less than 100%. Impulse
equivalency was found to be less than 100 percent at all scaled distances. The lower pres-
sures and impulse values for the TDU can be attributed to the difference in geometry.
Wisotski and Syner 4 and McKown and Mcintyre5 have noted the effect of geometry in pro-
ducing lower peak pressure and impulse values when the L/D ratio is less han 1:1.

15
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TABLE 2. SUMMARY OF TEST RESULTS, 11. 34 kg CHARGE, SCALED STORAGE CONTAINER

Scaled
Scaled Time Peak Positive Pressure Impulse

Pa.dius Distuse of Pressure Impulse TNT TNT
,eters m/kgj11  Arrival kPa kPa.ms/kg1/3 Equivalency Equivalency
(ft) (ft/lb 1/3) (msec) (psi) (psims/lb l/3) "

2.67 1.19 2.95 1245.1 170.7 141 93
(8.77) (3.0 ) (180.6) (19.02)

3.61 1.61 3.89 549.6 118.01 158 74
(11.7' ( 4.05) (79.71) (13.15)

4.8 2.13 5.51 291.8 79.06 108 57
(15.79 ( 5.38) (43.3) (8.91)

8.02 3.57 12.24 83.8 59.41 97 72
26.34 ( 9.0 ) (12.15) (6.62)

16.04 7.14 32,65 23.7 27.64 89 57
(52.Q3 (18.0 ) (3.44) (3.08)

35.7 15.87 86.01 7 13.55 59 63
117.Q) (40.0) (1.02) (1.51)

TABLE 3. SUMMARY OF TEST RESULTS, 19. 5 kg CHARGE SCALED WEIGH FEEDER TUB

Scaled
Scaled Time Peak Positive Pressure Impulse

Padus Dist e of Pressure Impulse TNT TNT
meters m/kg 1"5 Arrival kPa kPa-ms/k91/3 Equivalency Equivdleiicy
(ft) (ft/lb 1/3) (msec) (psi) (psi ms/lbl/3)

3.2 1.19 3 1202.7 166.47 '
(10.5D ( 3.0 ) (174.43) (18.55) 135 81

4.33 1.61 3.98 532.6 121.60 108 76
(14.19 ( 4.05) (77.24) (13.55)

5.74 2.13 5.84 276.6 22.78 103 48
(18.84 ( 5.38) (40.12) (8.11)

9.61 3.57 13.83 80.7 67.57 91 66(31.53) ( 9.0 )(11.71) (7.53)

19.22 7.14 37.91 25.9 34.01 112 76
(63.06) (18.0) (3.76) (3.79)

42.71 15.87 102,11 7.58 15.44 72 83
(140.14) (40.0) (1.10) (1.72)

17



TABLE 4. SUMMARY OF TEST RESULTS, 22.68 kg CHARGE, SCALED STORAGE CONTAINER

Scaled
Scaled Time Peak Positive Pressure Impulse

Padius Dist e of Pressure Impulse 1/3 TNT TNT
reters m/kg2, Arrival kPa kPa.ms/kg,3 Equivalency Equivalency
(ft) (ft/lb1/3) (msec) (psi) (psi .ms/lb1I3) I

3.37 1.19 1327.8 202.9 156 126
(11.05) ( 3.0 ) 3.26 (192.58) (22.61)

4.49 1.61 543.7 124.47 107 80
(14.74) (4.05) 4.27 (78.85) (13.87)

6,06 2.13 271.45 90.1 102 71(19,89) (5.38) 6.51 (39.36) (10.04)

10.11 3.57 88.53 60.13 109 74

(33.2 ) ( 9.0 ) 15.17 (12.84) (6.70)
20.21 7.14 23.92 31.5 91 71

06.3 ) (18.0) 40.24 (3.47) (3.51) _

44.92 15.87 7.31 14.27 65 69
Q47.4) (40.0) 107.53 (1.06) (1.59)

TABLE 5. SUMMARY OF TEST RESULTS, 45 kg CHARGE THERMAL DEHYDRATION UNIT

Scaled
Scaled Time Peak Positive Pressure Impulse

4dius Dist e of Pressure Impulse 1 3  TNT TNT
meters m/kg1/ Arrival kPa kPa.ms/kg'. Equivalency Equivalency
(ft) (ft/lb/ 3) (msec) (psi) (psi .ms/lb1 /3 ) 7.

4.46 1.25 4.42 1070.8
(1 1.63) (3.16) (155.3) (16.84) 132 80

6.02 1.69 6.27 353. 108.22
(19.75) (4.26) (51.18) (12.06) 79 69

8 2.25 9.84 194.6 80.41
(26.24) (5.67) (28.22) (8.96) 69 61

13.38 3.76 22.04 59.7 01.52
(43.89) (9.48) (8.66) (6.41) 57 73

26.76 7.52 56.71 19.99 38.50
(87.79) (18.96) (2.9) (4.29) 75 106

59.46 16.71 146.32 7.93 16.51
(195.08) (42.12) (1.15) (1.84) 94 93
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TABLE 6. SUMMARY OF TEST RESULTS, 63.5 kg CHARGE, SHIPPING CONTAINER

Scaled
Scaled Time Peak Positive Pressure Impulse

Radius DistI25e of Pressure Impulse TNT TNT
meters r/kg Arrival kPa I kPams/kg 1/3 Equivalency Equivalency
(ft) (ft/lb l/3) (msec) (psi) I (ps;ms/ibl/

3)

4.75 1.19 4.5 1251.4 181.81 143 89
(15.58) ( 3.0 ) (181.5) (20.76)

6.33 1.61 6.22 469.4 126.4 85 84
(20,77) ( 4.05) (68.08) (14.09)

8.55 2.13 9.57 252.14 93.24 91 76
(28.04) ( 5.38) (36.57) (10.39)

14.24 3.57 21.28 86.5 58.3 103 69
(46.73) ( 9.0 ) (12.54) (6.5)

28.49 7.14 57.1 25.44 34.19 107 81
(93.46) (18.0 ) (3.69) (3.81)

63.32 15.87 152.9 7.86 14.27 79 68
(207.73 (40.0) (1.14) (1.59)

TABLE 7. SUMMARY OF TEST RESULTS, COMPOSITE CHARGE WEIGHTS WITH A NOMINAI.

L/D RATIO OF 1:1

Scaled Scaled

Scaled Time Peak Positive Pressure Impulse
Dist e of Pressure Impulse TNT TNT

m/kg1,3 Arrival kPa kPa.ms/kgl/3  Equivalency Equivalency
(ft/lb 1/3) (msec) (psi) (psi .ms/lb1I3) f

- T --

1.19 1433 178.3 143 100
( 3.0 (0.90) (207.78) (19.87)

1.51 621.08 120.97 106 76( 4.05) (1.20) 90. (13.48)

2.13 311.21 85.34 101 65
(5.38) (1.80) (45.12) (9.51)

3.57 93.37 60.13 100 74
( 9.0 ) (4.09) (13.56) (6.7)

7.14 23.18 31.68 94 71
(18.0 ) (11) (3.36) (3.53)

15.87 3.29 14.36 63 70
(40.0 ) (29.34) (.47) (1.6)
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Figure 5. Pressure and Impulse vs. Scaled Distance 11.34 kg Charges
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Examination of the pressure and impulse data obtained from the 11.34, 19.5, 22,68
and 63.5 kg having similar L/D ratios indicated that the corresponding values fit a single
curve. The composite data are shown in table 7 and figure 10.

Figure 12 is a graphic presentation of the deviation from cube root scaling for the
11.34-, 19.5-, 22.68- and 65.3-kg charge weight for pressure and impulse. A positive
slope indicates that increasing charge masses at constant scaled distances result in an in-
crease in pressure or impulse equivalency. Conversely, a negative slope is indicative of
a decrease in pressure or impulse equivalency for increased charge masses. Generally
the pressure slopes were slightly negative with the exception of scaled distances of 3.57
and 15.87 m/kg1 /3 where these values scaled slightly positive with increasing charge
weights. Impulse values scaled slightly positive with increasing charge weights. Both
the slight negative slope for pressure and the slightly positive slope for scaled impulse
were within experimental error of the standard TNT cube root scaling.

Time of arrival data is reported for individual test in each data sheet (see Appendix A)
ard in the Summary Tables 2 through 6. There was no attempt made to determine TNT
equivalencies based upon arrival times. Rather, these were used to aid In determining
the good and bad data.

Fireball diameter and duration information was taken from the movies and these data
are summarized in table 8. They are reported as information only as there is no ref-
erence to effectively gauge the significance.

TABLE 8 FIREBALL DURATION AND DIAMETER

M aximum
Fireball Diameter

Charge Weight meters Fireball Duration
kg (ft) msec
(lb) (t

11.34 10.4 274
(25) (34)

19,5 13.1 278
(43) (43)

22.68 14.02 402
(50) (46)

45 18.9 415
(99) (62)
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CONCLUSIONS

(1) TNT equivalency values of nitrocellulose in three in-plant situations were
found to hqve pressure equivalencies greater than 100% for the near field values
(Z< 6m/kg1/3 ) and less than 100% for the far field values (Z.6m/kgl/3). Impulse
equivalencies were generally less than 100% at all scaled distances. This was
true for charge weights of 11.34, 19.5, 22.68 and 63.5 kg with a nominal L/D ratio
of 1:1.

(2) Within the limits of the experiments, blast pressures and impulse scaled as
a cube root function of the charge weights with test charges of a nominal L/D
ratio of 1:1.

(3) TNT equivalency values of nitrocellulose under simulated conditions found
in the Thermal Dehydration Unit were generally less than 100% for pressure and
scaled impulse. The exceptions were at the near field value of 1.19 M/k 1/3 where
the pressure equivalency was 130%, and the far field value of 7.14 m/kg

1'3 where

the impulse equivalency was 105%.

RECOMNENDATION

The TNT equivalency of pressure and impulse values determined from this test
series should be used, where applicable, in the struc ral design of protective
facilities.
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APPENDIX A

TEST DATA SHEETS, TNT EQUIVALENCY OF NITROCELLULOSE

'I
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C5.t4A9T NO MIS33.5WIND VIA..10 krL. (314.13 441.4 120.0
(G5.21 1)1.44 3 .4s

294.3 13.4
Two.14 C3 L/0.1.14-1 (42.171 3.2 1 S.4

ConicIy Shaped 5.74 -

Initial* 38.84 3 0. 327.3
2.2 cap (44.053 1 (4.32 1 0.5

17 In45 .6.4 12.4

it:t 5Flt.3.55 (1.43 1 2.4

(33.11) (4.74 3 13.1

19 * 3 22 at

(13 3 371.4

32 (24.143I4 5.E

790 (0J234&E3CYTEST50 T.S.q ( 43 lb)

Ols1ance *Fl SA1,r gns TO.
(ftawe P.t'"s n3 OF.14.4k. 1/3 of
Minbe (313 (pi) .r

. . . . . . . . .. 1/3,

TEST TITLE TNT EQUIVALENCY X3TT3CUI1LCOOO CAT "" b0:si, /41.

TE$?STJA MITA4'1 A 1471(57.5 41ALCM P. 3213.244A le 1015 2 (10.51 3 1 544.4 282.3

SA.tE (GN III4 3.Sit (43 1b3 2TOW. 30C (1161) (131.41) (22.23 1 3.4

311RIT 042 1.904 (4.3 Tb) SM. s. 2.3 (314 3 (2.08 4.2S

TEST NO . (35460)3N 431, lie. Ila It.4

COVTLACT NO. 4233.50 WIND VEL. 37 knt (22Z3.53 (13.44 3 4.6

468.110 AM.

cw. CA 033. .4 ____
(*1114137 Shaped 6 (38.64 1 32.1 111.2

2InIiitr(48.24 (9.43 3 .05

14.4 IN EM.4 1 2A2.7

(15.53 3 7.1 42.4
1(9.73 31 .2 4.2S

Not Draw.. to $"It f~ 3.31 30.3s

FU3(VEAUMI4TTO Moni1tion. CT.1 41 34l" ul44s pill*_ TO 43.04 34. 27.3 .1

42 , 102.3 1 81

12 (140.14 3 24.41 S.2

L d( .4 3 (0.57 3 W3 A.4
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* ;7

Disume 808 P0stre111

3313e (t, 83K (i) A2441 I 1 0 k

TEST Til TNT (09IVALVIC, Xh71TM;I80= DATE 0/111 1 44'3 1.1
____________264.04 2 24.84 1 3.4

wrti:L ktmq 22.684 ISO 3b) TEPP. (lf 33.9'09) 111.sI S22.9 207.4

rIoI'OR SOftt J2 IMIXS' SPECIA II STINC CAP KRIDI033 419- -________

MitWEG1 .71 S b P .P(1E.0 21.34) (19.4 3 4.S
TES NO (33.48) 84428 29 4 --41

W13-50___________________ 834OL (18.74 1 31.1 9 3.2co~ r 0WNDV . S -s(77.14 1 1.7 1; 4.6

CO, CM4 7 60.07) 12 .67 6 .8
6803.34 ,a t /081.88 :1 4.06 _______

871.8 2. 84.61(1 .~ 1.14) 11:.2 1 1.3

C M.0 i"tPae10.11
6t8.nj 68 S

0 ~ ~ 6 (3.23 4. 6.

318 80 8 ( 3.7?2) 4( 4.3 3 39.8
20.2

P33 28L83t. 0l~~lo cc~~d 43 i s.teo 33 pl0t (6.3 28.4 3.
Fit t~AIO ft tol ule.hleI(wte3.811 (34. 0.2

1.09 ) (36 107.4

________________________48.4 9 -'.

171 (17.02803 178

T.3T 3QI~ C TET 2 2.0 1 ( 307.8b

-M NTCUTA(YNjW ttA ~ OT 1118CN- is e P17881A if"90

093 ~ ~ ~ ~ ~ ~ ~ ~ ~ " tell0C kI~L~.2 11Qia........ 1.n0 Set6r If i, r/14 1/3 of
Sk8ir MITOC68LLO1.34!S3 ALcO*4 MIL.8.244A8 II 1 S ... . ....4 (..) ('11 1/3 

8
jjijL PI rS

(S lb 72&8g (0 6 3 S 61 C (961r 3336.8 31.8

1 7/3*(( 22 EN4386(85. SPECIAL. LUTING8 CAP 14.816117 471 (10.6 1 M22.26 LIS.3

%Io?1 3.1 T IXI (S b RS.2.62 11.0s 1877.8 709.4

.4 C? (33.8.09) WIN03D DI 6 (I 20741) (22.81 LI 2.1

46613.60 83AD 738-S IN f. 3 knot% 4 12.9 142.8

__________________________________I 394.s8 (16.1 I .

C~~p 71 8~~/c, 1.08,11(47 9. 1.
C .7l,(87.83 I (13.0s 1 3.0

j2c5 3914.6 72.
(67.51 $ , .48

64 (19.81 262.48 9852

Gf"10II. 0a#(30.07 S 04 .4

~ll/V ~ 7 02.8 6.2
(1 1.91 1 8.48 13.8

Not Or.... to Scale0 (33.? l4.4 863
(34.32 3 7.13 3 4.0

9 27.1 3.3
33474d off 2 3.,21 3.71 I 38.8

____________________________________________________().41 3 3.38 391

III.62 14.8"

(.60 ( 1.47 3 04.3

32 (,:.4" 8.4S 36.97
(.23 ( 1.74 3 106.7
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78T [OU26IVM TEST: 22.68 60 CSo lb)

0226444c, I"$$,"2i8
6khn00 Nate's kPA I"* !4</2 f
lI6Sr TIL NT'6)~tyNT~ ll A (pit) 1-44 Prear

4~ I 24 206.4
7(!ow R *209CLU61026 4028006. MIL.4.244A 19 2 -4 (142,14) C2 ,

SAWJ9' W(2041 22.68kq (s0 I b) l~w -31 ___911_____

2 (22.0 SU 22 1. 82.9
1,11120M 0(14(0 J2 lNGI6062S' SPECIAL 80857190G CAP "u,721 401 (184.") 220.38 ) 3.4

sI1AT IN - 104 is lub(1) VAu, Polls29-9

list 40 C. 334.10) WINDCIA 2 18 40. (84.64 ) 413.23 ) 4.46

04w A123.50 WIND yVI 641 4MES

(8.3 4 1 3.6 4.

8 44 C4q t/0-1.0611 5 220.3 92.0

0I Co~c22y 464(31.95 (10.3s 6 .S

J.Intito -4 6 2.0 0 06 .
(- A M P 22.S (9.0 )1

7 (707 00.0

6,0,7.8(3 2422.6 0 I .4 1 2.6

0 (3,) I 8.2 (7.6
'22.72 ( C .41 IS0.

P~t 6481 $24Scot
022.9 336

20 I66,3 23.0 20.7
(3.42) (3.32 1 40,6

72 .62 03.0)
(0."4 ) (.40 304.3

44.92-
ir (47.4 7.03 2.0

01"AKO, 2,,ss." 76.
9h.. Hl$ P, i (66). (p/3 A,I I446

TEST TITLE T8T EQUIVALENCY M771006260800 DATE J~,, 111.1t.. ?k-bt 2FE (s) - h /3, = -".k

TE07 SAMPLE NITROCELULOS 14~1AIC0,(0 MI0112444 TIME L..... HI 226 237

Wf1t( %(27 2249 0 1):W. 32-11% (02'6) (17. 9 (2.36 l .0

26921209N W(480 J2 MI20006S0PCAL 11.8.0719 CAP "644722y 002 (~I~S (2 7. 20.

MTE WUH 2.2210 is Ill 11M. Pxoss 296 - 3.07 220

TES7 No, Ct (334.22) WIND 0(. 25se 46. 260.3
04023.00SOSOWIO IL 2 24614 6.169 152.90 4.66

4 (24.74 ) -4 Hsi22.

P0s021, C64.q.
C-0. C4 t/D4. 04:1 _______

4.2 cap 4.04

6,4*42,4 7lt 90 S62
(13.04) .25 ( 20.

2rlrrl 0.22 -

F 3. 3 4.6 62.2

M06 044.0 to Scale (33.25 6.82 1 26.,

10 (4".s 22.9 24.1
__________________________________________________(342 3 (2.07 ) 41.2

11 7.27 22.60

44.92-
12(47.4 114.2 2WE4t

(0.9 3 1.6 049

4 39
a 4***



TNlT EQUIVALENCY TEST' 22.68 4 5 0 lb)

Pea 18 caled Impulse

iCOT ~ ~ ~ ~ ~ ~ am# fI! I OIUhT8T60IOI1T~jj ~ ~ (t) (psi) *'4 Pm 8/3

TEST SWfU NITAX~IA00r 14t81k02986 M42.N.Pus 71K 120 W I NO Olt0&

SwjJ4 WEGH 22.ut (O lb) - DI. 33 rC (93*;) - J.37 -

ICAII10ol WOC( .22 ENGINEERS' SPECIAL. 62.83788CAP IKNOUT 471 2 1 (11.08 2 14.8 24.4 .
((1.23 WEC 32214 (S 2.3m.PES."

TET(0 . C, (33-6.12) NIOlt, 23. 22U N' 1, .

CONuM: no 98313.00 WIND YIL. I'2811 4.49 ________

(214.24 50.1 72.11
880.19) all)3 3.10

tooste C74rqt
cw. C4 L/0' 1,06:1 - O iColc.lii SN74 --- ) (-O.

(28.1 In 1S4Jt, A
J-2cap1 ,All 28.1 110.

74 I3. MIS.9
C8Wit"$ Plate (11.7 3.14 1.

t 1.- -r .5 10.2 -A

133,2 ) 71.4 207.1
( 10.34) 1.98 1I 14.18

Not Dra- to0,1 -S-cale_ _

t 24.5 35.3
F11 VIUIO- Deoain c-C(3. (AS 4 1 39.1

___ __ ___ __ ___ __ ___ _o 6 6 2 20.4 23.
2.98 1 4 3.32 2 39.7

(.02) 1 .39 0,
48.92 - --

.2 (14.4 6.22 89.12
0.9 ) ( 2.321 1 07.2

TNT (0Ut18U8C2 list 40 KI C b)I

TEST 17tt TNT (QU/2t8(NCT M1T14001/OSE DA1E 8129178 I .' ,~ /3,L sL
2(0! v//f( MITICC(L SI00 1-0 $1 AICOMO ,IIL-4244A TIME 1132 112421.1 139.6

SA , (I' a I ( DTEV 2441 ( M- .4 221.34) I s,% 3.8

I1Al I22IO21 o f J 080.1(KjI0770V SPECLAL 859728 UP 18J1012T00 2 ('4.63 m 9.7 143.7

sm?(*6 'I118 S-28849 (11. A7l) gA P(000 21.8414: IW 4I

TES 'Q' * 0, (04.01) WIN0D9 22N0Lo 192.83 (12.32 04

CoA,0 PAS13140 W2IND0 Ti " 602 -063 HAS I SA

(1U9.70 1 340.8 114.1
_______________________________________(49.4 2 12.781 8.2

looN1e 04tv I - 83.
CJ. C4 U p01: 262 (a M '.2

6 ~ .ze2131.04) (Z4 '.-S

10dla2 .764 08.1

~-~-'.l7-. iT~t'7'. 9.28) ( .24 2 20.2

(11.8.t Sil# r6) 1 6.18 1 21.8

(.40) I I 01.10 Data

JIRO0 (201002218 0718,81198 8cowred, m1 07 2ol,...1 * ' - 24.2 -

SUMr Off. Still 7041W&Ph28 of PM9281 M1 28021*21 tAU11 1 M . Ic (87,29 128.2 32.7
aM 24001 18008(81/t, f~p 18*0 2.78) (3.68 8.

(1I A 2 1-) 41,4 -

St.48 --
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TNT EQOIVAMEacy Tisi 4S Pg C j b)

01.,*l Note's Ips I K.ltke 1/3 .

- TEST TIlt lIT rr3ntag t .,M ia DTrP.,MAIL /3112y- -
I 48.5 12.2

TEST SAPU woE .TWP.M . VIK Loss 4IT.4.61 Til 45 .25) 142 4.

$M9SEII$T Is ag(" Tb) Mr 261 (5-# 4.63) $9.1 28.4
IGNITITIlA $OVACE J2 lllGllURSt SPICIAl MASTING CAP 16141711V SI ISAS IN41A

SOOSTA EIG 10524 kj~ 1:1.6 lb) to. #its$.- 24.9 3 300
Its? NG 0 (35.6-04) WIND CIA. azso (4 5 9A, 6.

C04IP.6CWIN At. IA3$ .iso vi. 31,E (155 264.1 $1.2

F(18 .425 U? ?.3 j

$0s"CaWS 192Le Ill.Ts,
C4.9 CA(41: (27Xa) Diu
cwla II, Shpe t/O.Ol: 4 10,4S ______

TnltI~to, 6 0.24 ( 117.2 godTaos

49 1 so j 4M2 lt
(7is7 4.54& 22.0

4371.5tr4splteP 13.1 56,4
(s,% 6 .3 23.4

Not 0.. to $t, 24 3.4

- 26.2
Flits EY6ILIATION. O~tpat ON".~. lo Sa.3 1...IP -/. 22.3 3.

____________________________________________________(3.24 7 I3.64 S 7.7 -

1I 6.62 34.7 2
__________________________________________$9._____ (.25 56 146.7s

32 (545.04) 7.38 5
(I47 3.56 I 47.5

ERImcNTM. f(,SIUS01,

TAT ESUVALA&tSV TEST: 45 K4I 44 I)

Oitme T..

3346. (It) (osIs A1j11 ft-%4

TEST ITLE T~f EQIALMYC NITROEULOSE0 DATE //l8 15167 104.4

Its, AWLC M4TAOCU33.5 1-St 55 AC0e 3351..2434 TIME 1120 (169 .20 1 36.325 2.2
4.46 -- __________t

UMPS aSjrIT 45 kg ("0 35) 2129. 33.7C fsr11 2 (14.63 7312.2 360.5
SITTICA 10 =L24 EGIEEOV SPCIA AI. . U1026CP "uIlITV 4$1.......... -0-54.02) 1 37.08 2.4 _____-

$OOSTER W[01041 5264as (11.6 b) B.AR. PRESS. 380.5 -ss1 16
TEST NO 01 M54) VIND CIA. 200- (.2 74 .71 1 1 53.14 JA3

ONTRACT NG. M3S13-50 WIND YtL. 6 imts 4 (19.7s 6M.A 47.8
(82.585 I 4.1

toapte C331 I ( (-~ ~ 6.6 dI.TV

Co.IiIT .I.7.

7 38.1 ;adhE.

0.14 12 in Isma I-) Is'6,6 t

0.7s in Ka41l*. Plate (43.54 47.2 6.
( 16.4 19.11

No r-toSot920.A 37.4~t .,'. s StT.(2.11 1 4.17 SM3.

TI 1 6.54 53.

(. (3.62 542
1(3.S 7 (.47 1 43.7

41A



IN? (Oo(OALINCO TEST: v l 9 2)
Peak $:4114 I"st

(J.sse 1t' see op. .K/k. V/1 *
K"Q, I(It) (ws) . 1-1 -1 Porks

TEST TITLE 00 TNT010W MIMIC .oso DATE 8)2/Il 819u.6 2121.
T0%T VM1t 111060CIUM1L180 5.0 A00040. 520.6 24UA TINE 1431S 4.46 13A (23.63 1 4.7

Sm'5I WEIO 41 69 "4 lb) TEMf 3130C (927?) 2 (14.63 1126S4

l,101010100 UVICE6 .2 (81 4068 IU20 1681026 UAp MIujooTV zj -7 - 168.62) 1 4.5

MM95(f 40380T S.26 19 (11 .6 lb) MA. PRESS. 29."9 3 3M2.6 182.3
TIN 13 O 1.1.6) 416 wl(8.m, 340 - 6.02 -.3 Itx-.

COTPC 6NO 31 -uls W1NO VtL. 3 knots (2.2 SL 10.1 22.6
(72.13 (2.11 C.0

S2609 76.3sos Nq /-OSl(23.34 I 81 I 10.1
1-.01~ 8 1- -

6 13.24) 2.4 01.7
Inittats, (32.26 1 ( 8.43 9 .3

11.6 12.8.1 sPlt

~~V ~rf~.7,r ~ I43.809 13.9 17.3
rr- (9.27 ) ( 6.31 1 .7

not 014-e to scae9 26.9 40.7
(30.62 1 4.S4 1 1.7

__________________________________________________ 21.76 --
sorj tssuooTI, O-tooetioo 0o0,4. no hole 1h Itmits plot* To ( 8.79) 20.2 36.S

(2.82 3 (4.07 51.4

II98.7 20.37

(926 .33 1 (2.27 1 4S.9

22 (21.ES 8. 28.76

TN OI&(1.2 TS (2.09 I 241.

ti POP I'll" """ Ifee

Chawnl 970, N es or p. "".k /8 o5r..60r lot) (psi) f-1 I..

0011 Oit, TNT 60J20M(ALCo 20 NIPfLsog..... MONTS117 - 908.9 111A

77f%7 NAP"(6 WITROCLMIOSE 2.1 .1(040C 0I11244A 8004 1220 - 4.46 (131 .82 I 11.3 I 4.6

AN]9I 4111 4S k9 Ih . T(09. 2w.C (80') (14.13 1 4"0, 24.

; -. I3 61125MW 010(182. 16010069CAP KmliioTy 3tt 1 134:96) 2 6.18 1 4.7

AA-, qlo 1.2617(2 0 1 b)L" PRESS. 20.86 3 37. 21.3 6.
0,~~ (36.8.01) WIND il1 o 402 (14.9) 112.8-21

KA6012.10 WIND VU 4 knots ( 18.71 34..S 62.
(50.21) 9 .3 1 6.7

1 1wq 17. 38
les~, N.7 II( 24.71) (4.31 1 10.2

Ioltfato, I 107, 7.42 1 10.4
J-2 CAP F

I"( .89) 212 .3 _

2~ , 3.30 8

0. 1o~ Fr q-rp r c 143.80 60.3 12.2
(8.74 ( .82 n 2.7

Sot Dr-n to 0o. 9 22.3 28.9
( 3.22 3 4.61 $I1

28.74 --
fl10oo moa 01to'atlon occse,. no hole to stnoss plat, 1 ( 87.78 1 813 37.2 SA(32.69) (4.4 172

11 7.13 12.03
_______________________________________I (1.62) (1.4 I 1.4

19.46 .--

12 (31.8i I 7.4 271.42
(21.24 1 .941 1 146.4
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TNT1 E(0$4TDUT TEST: 63.S to ( 140 14b)

f(ST 4.0 TNT EWIYLITy 11lT11nuA DATE 8123/14 *Aa (it) lost) PoA!4( wewhi

TEST Si~vif M2Tfl03OS 14!6S 044 0.400.444464 TlgIOU03- ~ 6 a . -

Shirt[ 6142234 6344k (140 44b) TI.31.1%C (4F) - M 41."0) 13.4 4 4.5

43420204 ScOM J2 E~NIPES' SOIAL u.6S116 CAP zuizo1....:.NSA...1.. .2

TETme t (34401) VIND Dig. MO* I 15 4 As 14.11

03446004 NO. V4350 2 TIEL. 3 Wit5 (70. 1 U. 1. 1 6 .2

I 270.7y $315 434.7

4 cow. C4 L/0-0.$11- -
C"I5cal1/ shaed5 44 6 114

J-2 cap -- - - -

4. ~ E 'A0) 24 1

Wit54 (2.lae S.1 .

'~~'..'~'m--~2 24,.rrr~r,, (12? 4 .4 4 72

47~~ ~~ 43773 .4 4

(4.0 44 C1 ).$ 43

It (W 7 5 .41 40114AI

Tom (QTSM(CT TEST- 63.5 Kg ( 440 In)4

T~T 4TC ~ 44860UA0$Chanoo4 Plets i7, lp. 74.cjIt .13 '

TET A tL .I..1442 ALCaO I2La34643

___________________(1_0___)_______ 32A'C (91f)- A

IM0TE4 kd2044 6 .54 (14 1114 Co44E4.sf 04 3M. 711. 04$3.93) ( Is.% I ak

TEST No. Et 1346-) 44". MI.ls- .- I-
WIAS4C DI04. 3 48.3 4.7 36704444.440I ( .3) 4 I46 I. T4,4

(20.77) 423.3 " No. 8Twirl
___________________________________(64.4 4 (7.34 4at

Soo44e Charge -
Cop4. C4 IAA; 4.C34Icsl1y shaped EJ(~ 4  74.6 917.0Tbl

22J4 ,12 A 83.50 -&

(40.4) (1.4742i

&I Z"lk S t JTp

S (44.73 table
4 

to li.5,4.,

844 D'... to Scale fs PA Tp

FIELD E55446TION' Detetio.04.. r a clt halt 1. ti *it's' pl4c. 9 30 34.1? T044#3
____________0.49_ _ (4.31) (4.3)ki

(~ ~7344Tape
6132-")__

I~r!,
Attirove f
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SELECTED PHOTOGRAPHS
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APPENDIX B

SELECTED PHOTOGRAPHS
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;'s_

Pretest Configuration 11. 34-kg Charge

M.

09 -

;0r% I

Posttest Crater 11. 34-kg Charge
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I ~ ~- ... 'J' ..

.- ,

~Pretest Configuration 19. 5-kg Charge
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DEEMNV ~
OF TN

.4,V LE C

Pretest~~~ Cofgrto 22 68k Charge .

.5 11q

L -

* ~4 4r,~ ~ J I

"'"

Posttest Crater and Witness Plate 22. 68-kg Charge
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Lev'

Prees Cofgrto beoeDyn 4 gCag

~ SNO

Pretest Cratigr atdioneor Drying 45 kg Charge
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II'A

M7OE- -03f

Pretest Configuration 63. 5-kg Charge

-A-1

U E

VI,'.~~ / ,, 1 4-

71
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APPENDIX C

TNT EQUIVALENCY PROGRAM
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APPENDIX C

A , TNT EQUIVALENCY PROGRAM

This program calculates the pressure and impulse TNT equivalency by an Iterative
process which factors out the contributions from 04 booster charges*. For each set of
input data, the parameters are calculated according to the following procedure:

1. Assume zero contribution from the booster charge. Then WI = W2 W W, where
W1 and W2 are the pressure- and Impulse-related sample weights, respectively, and W is
the sample charge weight.

2. Calculate approximate sample scaled distances from

Z1 = R /(W1)1/3 (pressure)

Z2 = R /(W2)I/3 (impulse)

3. Calculate an approximate TNT (equivalent) scaled distance, Z5, from the esti-
mated sample TNT impulse equivalency, E5:

Z5 = Z2/(. 01E5)1/3

4. Calculat6 the TNT pressure and impulse scaled distances, Z3 and Z4 respec-
tively, from curve-fits of reference data, see figure Al. Use separate straight line
(log-log) segments depending on the value of Z5:

(a) If Z5 < 9,

Z3 = 27.133 P -0. 4513

Z4 = 47.247 1 -(1/1.8215)

(b) If 9< Z5 < 18,

Z3 = 36. 016 P -0.5672

Z4 = 55. 874 1 -(1/1.5672)

(c) if Z5 > 18,

Z3 = 45. 555 P -0. 7557

Z4 = 67.37 1 -(1/1.9626)

* Swatosh, J. J., and J. Cook, "TNT Equivalency of Ml Propellant (Bulk), Technical
Report 4885, Pioatinny Arsenal, December 1975.
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5. Calculata the approximate TNT prescure and impulse equivaleno!es, El and

E2, from:

El = (Zl)3 /(Z3) 3

E2 = (Z2) 3 /(Z4) 3

6. Using the equivalencies obtained in step 5, recalculate the pressure- and

impulse-related sample weights, and the estimated TNT impulse equivalency:

WI = W + (W3)(1.25/El)

W2 = W + (W3)(1.25/E2)

E5 = (100)(E2)

where W3 is the booster charge weight.

7. Using the values obtained in step 6, work through from step 2 again to obtain
new, improved values for El, E2, Wi, W2, and ES. Each iteration improves both the
curve-fits in step 4 and the minimization of booster contributions in step 6. Continue the
iteration until changes in El and E2 are insignificant.

8. Begin calculatior for a new set of data at step 1.

The entire program with 10 sets of input data requires less than 4 Kbytes of
memory. Therefore it can be used in small, portable microcomputer systems and desktop
programmable calculators. The mean accuracy of the calculations over the range of scaled
distances from 2.5 to 60 is about 1%. The maximum errors occur at scaled distances of 9
and 18, 1. e., the inflection points of the straight-line TNT data curve fits, and amount to
less than 5% of the calculated equivalencies.

56
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TNIT EQUIVALENCY PROGRAM

100 REM INPUT DATA REQUIRED IS:

110 REM (1) MATERIAL, CONFIGURATION, APPX. EQUIVALENCY
120 REM (2) SAMPLE WT, BOOSTER WT, DISTANCE, PRESSURE,

130 REM IMPULSE up TO 10CALCULATIONS CAN BE MADE IN
140 REM ONE PASS.
150 INIT
160 DIM W(10), W3(10), R(10), Z(10), P(10), 11(10), 12(10)

170 DIM E1(10),E2(10)
180 PRINT "MATERIAL?"
190 INPUT M$
200 PRINT "CONFIGURATION?"

210 INPUT C$
220 PRINT "APPROXIMATE % EQUIVALENCY?"

240 1-0
2 50 1=1+1
260 N1=I
270 PRINT " INPU T W(LB), BOOSTER (LB), R (FT), P(PSI), I(PSI*MSEC)"o

280 INPU T W(I), \V3 (1), R (1), P(I), 1Q)
290 Z (1)=R(I)/W(I) 1 0. 333

300 11 (I)=I1 (I)/W(I) f 0. 333
310 PRINT "ANY MORE DATA?"
320 INPUT IJ$
330 IFL$= -"Y" THEN 250
:340 FOR 1=1 TO Ni
'350 WlI=W(I)
360 WV2-WV(I)
370 Z 1--R (1)/Wl 0.333
38 0 Z2=R(I)/WV2 10.333
390 Z-5=Z2/(0. 01*E5)~ -0.333
-100 IF Z5--18 THEN 520
.110 IF Z5 -- THEN 470
-120 A1=27. 133
4310 131=0.4513
.140 A2=47. 247
.150 B2=0. 8215
460 GO TO 560
470 Al-36.016
4180 111-0. 5672
.190 A2-55.874
500 B32=0. 8979
510 GO TO 560
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520 A1=45. 555
530 B1=0. 7557
540 A2=67.37
550 B2=0. 9626
560 B=1l/(1+B2)
570 Z3=Al/P(I) tB1
580 Z4= (A2*Z 2/Il (I)) +B
590 E 1(I)=ZL t3/Z3 t3
600 E2(I)=Z2 t3/Z4t 3
610 W1=W(I)+W3 (1) *. 25/E1 (1)
620 W2--W(I)+W3(I)*1. 25/E2(I)
630 E5=l00*E2(I)
640 PRINT USING 650:lE (P)"', El(l), "E(I)"1, E20I)
650 IMAGE 8X, 5A, 2X, 4D, 2D, lOX, 5A, 2X, 4D, 2D
660 PRINT" ITERATE AGAIN???"
670 INPUT T$
680 IF T$->"1Y" THEN 370
690 EI(I)=100*El(I)
700 E2(I)=100*E2(I)
710 NEXT I
720 PAGE
730 PRINT USING 740:"TNT EQUIVALENCY OF', M$
740 IMAGE 18X, 19A, 3X, 20A/
750 PRINT USING 760:"1CONFIGURATION:", C$
'760 IMAGE 14X, 15A, 3X, 30A//
770 PRINT USING 780:"W"', "R' 11Z111 1 "ii lP"f, ''P', ''E(P)"I, 1'E(I) 1"
780 IMAGE 4X, IA, 9X, 1A, 9X, IA, 9X, 1A, 9X, 1A, 8X, 4A, 6X, 4A
790 PRINT USING 800:"1LB", "1FT"t "SCALED", "lPSP', "SCALED", if(%)", "(,;)"t

800 IMAGE 4X, 2A, 8X, 2A, 6X, 6A, 5X, 3A, 6X, 6A, 5X, 3A, 7X, 3A/
810 FOR I=1 TO NI
820 PRINT UJSING 830: W(I), R(I), Z(I), P(I), I1(I), Ei(I), E2(1)
830 IMAGE IX, 3D. 3D, 2X, 4D. 3D, 2X, 4D. 3D, 2X, 4D. 3D, 2X, 4D. 3D, 3X, 4D, 3X, 4D/
840 NEXT I
850 END
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